Abstract. We outline the opportunities to study with high precision the interface between nuclear and particle physics, which are offered by a next generation and multi-purpose fixed-target experiment exploiting the proton and ion LHC beams extracted by a bent crystal.
Introduction
With the advent of RHIC and the LHC, collisions of heavy ions can nowadays be studied at ultrarelativistic energies where phenomena such as the creation of quark-gluon plasma, the saturation of gluon densities at low x, or even heavy-flavour regeneration can be studied. Clearly, this has opened new horizons to study heavy-ion physics in the high-energy limit, one of the interface between particle and nuclear physics.
There are however other very interesting kinematical regions at the interface between particle and nuclear physics which have been seldom explored and from which one can learn much on the dynamics of the strong interaction. The domain of large momentum fractions at small distances, which can be studied by means of hard reactions in the backward region in the fixed-target collision mode, is particularly interesting.
In this context, it is useful to recall the critical advantages of a fixed-target experiment compared to a collider one, i.e.
-extremely high luminosities thanks to the high density of the target; -absence of geometrical constraints to access the far backward region in the c.m.s.; -unlimited versatility of the target species; and -same energy for proton-proton, proton-deuteron and proton-nucleus collisions. a e-mail: Jean-Philippe.Lansberg@in2p3.fr Indeed, high luminosities allow one to look for rare configurations, which are however important to understand the dynamics of the strong interaction. The study of reactions in the target-rapidity region -the far backward region-allows one to probe large momentum fractions x in the target, exactly at the interface between the dynamics of the nucleons and the nucleus. The versatility of the target allows one to systematically study the mass or size dependence of the nuclear effects. Finally, the possibility to study proton-proton and proton-deuteron collisions at the same energy and with the same experimental conditions allows one to extract out in the most straighforward fashion the effects only due to the collective dynamics of the nucleons in the nucleus.
Luminosities for a bent-crystal-extraction mode on the LHC beams
To our knowledge, the most convenient and efficient way to obtain a beam for a fixed target experiment from the LHC is to use bent-crystal beam extraction. The idea is therefore to position a bent crystal in the halo of the beam such that a few protons (or lead) per bunch per pass would be channelled in the lattice of the crystal and would be deviated by a couple of mrad w.r.t. to the axis of the beam. Such a method also has the virtue of better collimating the beam, allowing one to increase the luminosity of the collider experiments.
The extraction of half of the LHC proton beam loss, i.e. 5 × 10 8 p + /s, would be high enough to perform pp, pd and pA collisions with luminosities way above that of RHIC in the same energy range. Indeed, 7 TeV protons colliding on fixed targets release a center-of-mass energy close to 115 GeV ( 2E p m N ). As regards heavy-ion beams, in particular lead ions, tests to extract the lead beam of SPS have been successfully carried out by the CERN UA9 collaboration [11] . In this case, the energy in the c.m.s. reaches 72 GeV per nucleon-nucleon collisions with the 2.76 TeV lead beam.
Experiments have demonstrated that the crystal degradation is about 6% per 10 20 particles/cm 2 , see e.g. [5] . This corresponds to approximately a year of operation, for realistic impact parameters and beam sizes at the location of the crystal. After a year, the crystal has to be moved by less than a millimeter to let the beam halo hit the crystal on an intact spot. Such a procedure can be repeated almost at will. Recently, the LHC Committee has expressed that "...it may well be feasible to bend even the low emittance LHC beam" and that "possible future applications of the bent-crystal scheme abound: including beam-halo cleaning and slow extraction" [our emphasis]. Thus, the LHCC has recommended further studies to be performed at the LHC [6] , in particular those followed the CERN LUA9 collaboration for a "smart collimator" solution, originally proposed in [7] . Another possibility is the proposal [4] to "replace" the kicker-modules in LHC section IR6, where the beam is dumped, by a bent crystal. This would give a sufficient kick to some particles in the beam halo to overcome the septum blade and then to be extracted.
The instantaneous and yearly (10 7 s) luminosities reachable with the proton beam on various 1cm thick targets are gathered in table 1a. Note that 1m long targets of liquid hydrogen or deuterium give luminosities close to 20 femtobarn −1 . Table 1b gathers the corresponding values for the Pb run (10 6 s).
Accessing the far backward region
For proton runs, the boost between c.m.s. and the lab system is rather large, γ 3. In both cases, the c.m.s. central-rapidity region, y cms ≃ 0, is thus highly boosted at an angle of about one degree w.r.t. the beam axis in the laboratory frame. The entire backward c.m.s. hemisphere (y cms < 0) is easily accessible with standard experimental techniques. The forward hemisphere is less easily accessible because of the reduced distance from the (extracted) beam axis which requires the use of highly segmented detectors to deal with the large particle density. In a first approach, we consider that one can access the region −4.8 ≤ y cms ≤ 1 without specific difficulty. This allows for the detection of the main part of the particle yields as well as high precision measurements in the whole backward hemisphere, down to x F → −1 for a large number of systems. As an example, the study of Υ production at rapidities of the order of -2.4 in the c.m.s. already provides with an access to x F above 10 115 e 2.4 ≃ 0.95. The leptonic decay products of such Υ would fly on average at angles still smaller than 45
• in the laboratory frame (η = 0.88).
4 Novel physics studies at large x and small distances 
pQCD studies and PDF measurements at large x in pp, pd and pA collisions
If AFTER is designed as a multi-purpose detector, it would definitely be -thanks to its outstanding luminosity and an easy access towards low P T -a heavy-flavour, quarkonium and prompt-photon observatory [1, 2] in pp and pA collisions. The production mechanisms of quarkonia [12] would be constrained thanks to the large quarkonium yields and precise measurements of their correlations, along with the forthcoming LHC results. By accessing the target-rapidity region, the proton, neutron and nucleus gluon and heavy-quark distributions (see e.g. [13] ) could then be accessed at mid and large momentum fractions, x. The physics at x larger than unity can be accessed in the nuclear case. In the case of bottomonium production and prompt photon production, nuclear phenomena at distances of the order of 0.01 fm can be studied ! The study of the scale dependence of nuclear effect in the EMC and Fermi motion region, 0.3 < x < 1, could be of great help in the understanding of the connexion between the EMC effect and the importance of short-range correlations.
In proton-deuteron collisions, unique information on the quarkonium production momentum distribution of the gluon in the neutron can be also obtained with quarkonium measurements along the lines of E866 for Υ [15] . Finally, linearly polarised gluons inside unpolarised protons [14] can also be accessed with the study of low-P T scalar and pseudoscalar quarkonium.
Deconfinement studies in PbA collisions between SPS and RHIC energies
Among the proposed observables to study deconfinement in relativistic heavy-ion collisions, one can certainly highlight the J/ψ and Υ suppression, the heavy-flavour and jet quenching or the production of direct photons. These could easily be accessed with AFTER [1, 16] . In particular, modern detection technology should allow for thorough studies of the behaviour of the quarkonium excited states in the hot nuclear matter. Let us cite the χ c and χ b resonances. Such studies would benefit from the boost of the fixed-target mode, inspite of the challenges posed by the high-multiplicity environment of heavyion collisions. Dedicated studies of quarkonium excited states are of highest relevance to study the quarkonium sequential melting in the deconfined matter [2] .
4.3 Ultra-peripheral pA/Pb A collisions and W/Z production in their threshold region
The available c.m.s energy in the fixed-target mode is usually a limiting factor. For the first time, ultraperipheral pA/PbA collisions on fixed targets would occur at sufficient √ s to produce heavy mesons and hard di-leptons. The nucleus target/projectile A/Pb remains a coherent high-energy photon source, up to E γ ≃ 200 GeV, allowing one for photon-hadron collision studies. A great potential of studies is also offered by semi-diffractive processes due to the absence of pile-up in such a slow extraction mode [1, 17, 18] .
In addition, W and Z boson production could be studied for the first time close to threshold, thanks to the high energy of the proton LHC beams and the outstanding luminosities of the fixed-target mode. Investigations in the threshold region could be very important to understand QCD corrections in this uncharted part of the phase space. W and Z boson could also be studied in pA collisions possibly shedding light on nuclear effects (since x 2 > 0.7) at the weak-boson-mass scale, on the order of the attometer !
